
RESEARCH MEMORANDUM 
ERODYNAMIC CEULRIICTERJSTICS OF A WING WITH QUARTEMHOW LLNI 

SviTEPT RACK 35O, ASPECT RATIO 4, TAPER RATIO 0.8, 

AND NACA 65A006 AIRFOIL SECTION. 

TRANSONIC -BUMP METHOD 

Will@$ C. Sleeman, Jr. a d  Robert E. Becht 

Langley Aeronautical Laboratory 
Langley Air Force Base, Va. 

.. 

-~""-Qf-*-"F """"""" "" """" 
M a m u d  thuu& 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
April 21, J949 



4 

AERODYNAMlC CEARAc'ITRLWICS OF A WING WITH Qm<H(3KD 
SWEPT BACK 350t AspEc.T RATIO 4, TAPER RATIO 0.6, 

AND NACA 65~006 AIREOIL S E T I O N  

TMKSONIC-BUMp I " H 0 D  

By W i l l i a m  C . Sle-, Jr and Robert X. Becht 

As part of an IUCA transonic  research program, a ser ies  of w h g -  
body canbinstions are  being  investi@ted in the Langley h i m p e e d  
7- by 10-f oot tunnel over a Mach number range 0.60 t o  1.18 ut i l iz ing  
the transonic bmrp. 

This paper presents the resul ts  of the investigation of 8 wi&- 
alone and a win@?uselage canbination amploying a w i n g ' w i t h  the quartelr-  
chord line swept back 35O, aspect  ratio 4, taper   ra t io  0.6, and 811 
NACA 65~006 airfo i l  section. Lif't, drag, pitching mament, and root 
bending mcunent were obtained for the wi-lone and wing-body configura- 
tions.  Effective darnwash angles and dyn&nKLC~ressUre characterist ics 
in the  region of a probable t a i l  loca t ion  were also obtained for these 
configurations and are presented for a range of t a i l  heights at  one 
tail length. In order t o  eqedite  publishing of these h ta ,  only a 
brief analysis is included. 

The urgent need. for aerodynamic design data in the transonic speed 
range Iaas led t o  the establishment of a special XACA ccnmnittee for 
tranaonic  resaarch. AB part of the NACA tmmonic  research program 
reconmended by this cami t tee  a aeries of  wing-body configurations having 
wing plan form as the chief  variable are be- investigated  in  the 

test technique. For each wing-fuselage cm.ination  investigated the 
lift, drag, p i t c h b g a m e n t ,  and root bending-nt characterist ics 

effective damxaeh angles and dpamic-;pressure characterist ics  are 
obtained .Par a range of tail heights a t  one tail length. 

* Langley h i g h p e e d  7- by 1O-foot tunnel utilizing the transonic4mnp 

* are determind over a Mach nuniber range of 0.60 t o  1.18. In adbition, 
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This paper presentarthe  results of the  investigation of the wi- 
alone and wing-fuselage cab imt ione  employing a wfng with  the qua&er- 
chord 1ine.srrep-t back 35O, aspect   ra t io  4, taper   ra t io  0.6, and an 
NACA 6y1006'airfoil  section. , 

The w i n g  of' the semispan model had 35' of sweepback referred  to  the- 
quarter-ohord line, a taper r a t i o  of 0.60, aspect r a t i o  of 4, and an 
NACA 65~006 a i r fo i l   sec t ion   para l le l   to  the free stream. The wing was 
made of beryllium copper and the Rzlselage of brass. A tw-view drawing 
of the model i e  presented in   f igure 1 while ordinates of the fuselage 
of .fineness r a t i o  10 can  be found i n  table I. 

The model was mounted on an  e lectr ical  strain+ge balance, which 
was enclosed i n  the bump, and the lift, drag, pitching moment, and 
bending mcment about the model plane of apmetry were measured w i t h  
calibrated galvancaneters. The angle of att8ck was changed with a a m a l l  . 
electr ic  motor  and the value of the angle was determined with a calibrated 
alide-wire  potentiameter. 

Effective dowrrwaah angles were determined for a range of tail heights 1 

by measuring the  floating angles of five fYer+floating tails with the 
aid of calibrated  slide+rire  potentimetere. Details of the floating 
t a i l s   a r e  a h m  in figures 2 and 3, w h f l e  a photograph of the t ea t  setup 
on the bump, showing the floating tail mounted in the f'uselage, is given - 

i n  figure 4. The t a i l s  used in this investigation were the aame a8 those * 

umd i n  the investigation  reported in  reference 1. 

A total-head ccmib was used t o  dete-ne dynamic-pressure ratioB for 
a  range of tail heights i n  a plane which cantained the 25-percent mean- 
aerodynamlc-chord point of the  free-floating  taila. The total-head  tubes 
were spaced 0.25 inch apart. 

CL 

SYMBOLS 

lift coefficient 1 
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pitching-mcnnent coefficient referred to 0.29- 

( ,  $35 ) Twice panel pitching m m n t  

bending-mcnnent coefficfent at  plane of symmetry 

effective dpa&c pres- over span of model, pounds 

per square foot 

mmn aer-c chord of wing, 0 .la .. f oot3 based on 

relationship ['2 c2dg (us- t heme t i ca l   t i p )  

spanwise distance f r c a n  plane of symmtry 

air density, slugs per cubic foot 

airspeed, feet   per second 

effective Mach nunher over span of m o d e l  

average chordwiee local Mach nuniber -. 

local Mach nunber 

Reynolds number of w i n g  based on b 

angle of attack, degrees 

effective dorrrrwash angle, degrees 

r a t i o  of point m c  pressure at the quarter ch& of the 
t a i l  mean aerodynamic ch9rd t o  free-stream dynamic pressure 

c 
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(L/D )-x maximum r a t i o  of l i f t  to. drag 
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* 

% tail height  relative t o  w i n g  chord plane extended, percent 
semispan, positive far tail poe1t;lans  above chord plane 
extended 

TESTS 

The te&s were made i n  the Langley hi-peed 7- by 10-foot tunnel 
utilizing anadaptation of the RACA wing-flaw technique for obtainfng 
transonic  speeds. The  technique used involves  placing  the model in the 
higbdelocity flow f l e l d  generated over the curved surface of a bump 
OR the t-unnel floor. (see reference 2.) 

Typical contours of local  Mach number in  the viciniky of the model 
location on the bump obtained f r a n  surveys with m model i n  poeition 
a re  sham in figure 5. It i s  been that there is a Mach  number gradient 
of about 0.04 over the model semiepan a t  low Mach numbers and f'rcm 0.06 -. 

t o  0.07 a t   t h e  higheat Mach numbers. The chordwise Mach rrumber gradient 
is generally less than 0.01. No attempt has been made t o  evaluate the 
effects of t h i 8  chordwise and spanwise Mach number gradient:" Note that 
the long dashed lines Shawn near the  root of the wing ( f ig .  5 )  hd ica t e  
a loca l  Mach mmber 3 percent belar the maximum value and represent a 
ncaninal extent of the bmrp boundary layer. The effect ive  tes t  Mach 
number was obtained frcm contour  charta similar t o  those  presented i n  
figure 5 using the  relatfonship 

. -  - 

= "J, 
The variation of mean t e s t  Reynolds nuniber with Mach wmber i s  . 

sham i n  figure 6. The boundcriee on the figure a r e  an indication of 
the probable range in Reynolda number caused by variations in test  
conditions  in the comae of the  investigation. 

- .  - 

Force and marment data, effective d m w a s h  angles, and the. ratio of 
dynamic pressure a t  25 percent of the tail mean aerdynamic chord to 
free-stream 'dynamic pressure were obtained for  variow model configurations 
through  a Mach number range of' 0.M t u  1.18 and an  angle-of-attack 
range of 4 0  t o  LOO. 
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No t a res  have been applied t o  the data t o  account for the  presence ' 

of the end plates on the models. Jet-bomdary c&rections have not been 
evaluated because the- boundary conditions t o  be eatiefied are not  rig- 
0usI-y defined. However,  inaamuch a s  the effective flow f i e l d  is large 
canpared with  the span and chord of the model the  corrections are believed 
t o  be small, - - . 

By measuring tai l  floating angles without a model Installed it wae 
determined that a tail spacing of 2 inches would  produce negligible inter- 
ference  effects of reflected shock waves on the tail floating  angles. 
Damwash angles for   the w-lone configuration were therefora  obtained 
simultaneously for the middle, highest, and lowest tail posittone in one 
series of t e s t s  and s3multansously for the two intermediate  positions 
in succeeding rum. (See f ig .  3 . )  For the wing-fuselage t e s t s  the 
effective downwash angles a t  the chord plane extended were determined by 
mounting a free-floating tail on the center line of the fuselage. The 
dawnwash angles presented are increments frcsn the tail floating angles 
without a m o d e l  in position. It should be noted that  the floating  angles 
measured are in rea l i t y  a measure of the angle of zero  pitching mhent 
about the tail pivot axis rather than the angle of zero lift. It has been 
estimated, however, that for the ta i l  arrangmnt used a dclKwash gradient 
of 20 across  the span of t h e   t a i l w f l l   r e s u l t   i n  an error of less 
than 0.2O i n   t h e  measured downwash angle. 

Total-head readings  obtained fran the tail .survey c a b  have been 
corrected  for bow wave Iose. The e t a t i w r e e e u r e  values used in c q u t i n g  
the dynamic+ressure ra t ios  were obtained by we of a s t a t i c  probe with 
no model in position. 

A table of the  figures  presenting the resul ts  i s  given as fol lars :  

Figure 
Wing-alone force  data . . . . . . . . . . . . . . . . . . . . . . . .  7 
Wing-fuseage force data . . . . . . . . . . . . . . . . . . . . . . .  8 
Effective damwash angles ( w i n g  alone) . . . . . . . . . . . . . . .  9 
Effectlve dmmwash angles ( w i n g  fuselage) . . . . . . . . . . . . . .  10 
Downwash  gradiente . . . . . . . . . . . . . . . . . . . . . . . . .  U. 

Summary of aerodyaamic characteristics . . . . . . . . . . . . . . .  13 Dynamic-pressure SurVey8 . . . . . . . . . . . . . . . . . . . . . .  12 

The discussion is based on the summarized values  given in  f igure 1 3  
unless otherwise  noted. Note that the slopes summarized in  figure 1 3  have 
been averaged over a l i f t -coef  f icient range of XI. 1 of the ncaninal Uft . 

coefficient . F" 



6 

L i f t  and Drag Characteristics 

IUCA RM No. LgB25 

The isolated w i n g  l i f k u r v e  s-lope measured near zero lift was 
about 0.066 a t  a Mach  number of 0.60. (See f ig .  7.) T h i s  canpares 
with a value of 0.063 estimated for this Mach  number by use of the 
charts  in  reference 3.  I n  the Mach  number range between 0.85 and 0.98 
it appears that the max3,ruum l i f t  coeffi,cient may $e f a i r l y  clobe 
t o  0.6 (fig. 7). The basic l i f k u r v e  slope was increased by an 
average of about 9 percent by the addition of the fusehge. 

The drag r i s e   a t  zero lift ( f ig .  13) began a t  a Mach number of 
about 0.89 far both the wing and wingfuselage conf'igurationa. It is 
interesting  to  note  that  although thie  drag rise occurred a t  a Mach 
number about 0.04 lower than for the 450 sweptback wing (reference l), 
which, except for sweepback, had gecanetric characteristics  ident-ical  to  those 
of the present wing, the values of C%, and (L/D)mx a t  the highest 
Mach ntmibers are not  materiaU y different  for  the two models. The absolute 
drag  coefficients are probably high because of the presence of eq-plate 
tares  and the  relatively law Reynolds nwnbers a t  which these  tes ts  were 
made. 

The la teral   center  of pressure for the w i n g  alone (a = 0.4) was 
located at  44 percent of the earnfapan at 9 Mach number of 0.6. This  
value campred  with  an  estimated lcrv-speed value of about 45 percent 
semispan (reference 3). Between M = 0.9 and 1.00 there was a f a i r l g  
abrupt movement of y -to about 50 percent semispan. This e m  out- 

higher Mach  Jurmber. (See reference 1.) The addition of the- fuseage 
generally moved yc .p. inbaard  a2proximately 3 p r c e n t  of the semispan. 

c.p. - board shift W ~ S  obtained  with the 45* Bweptback w i n g  a t  a scmewh8t  

Pitchir@ianent  Characteristics 

Ne& zero lift the w i ~ ~ l b n e  aerodynamic center was located a t  

27 percent of the mean aerodynamic chord (("21 n.-O.O,> up to M = 0.80. 

This value ccmparas w i t h  an estimated 1or)"speed aerodynamic-center 
location of 24 percent I? (reference 3 ) .  The addition of the  fuselage 
moved the aerodynamic center forward about 2 percent 5 at  the law Mach 
numbers. 

. 



MACA RM No. LgB25 - 7 

A t  C, = 0.4 the vlng-alcme aerodymmic center waa about 
25 percent E at  low Mach m b e r s  and moved back t o  46 percent 6 at  
the  highest Mach numbers. The destabi l iz ing  effect '& the fuselage 
was sl ight ly  more prcmou~~ed a t  CL = 0.4 than a t  Cr, t 0. 

Dawnwash and fiynazai&ressure Surveys 

The variation of effective  dararaah  angle  with tail height and 
angle of attack for the w i n g  alone and w-fuselage a t  various Mach 
@ers is presented in figures 9 and 10. The damwash gradient a€/& 
near  zero lyft far the wing alone  (fig. U) increased  a8 the tail 
location approached the chord plane, at  Mach numbers below 1.00. 
Above M = LOO ae/& was ma~lmum at  a tau location of 30 percent 
semispan below the chord plane. A t  the  higher lift coeff  icients a 6/& 
was generaUy less than the  zero lift value for tail poeitiong below 
the chord plane and was higher for tail positicme above the chord plrtne. 

The addition of the fuselage cauaed a marked increase in a 6/& fo r  
t a i l  position8  near  the chord plane (figs.  10 and ll) up t o  M = 0.95. 
Above M = 1.00 the  effect  of t he  Welage m the downwash gradient 
near  the chord plane was mall. Note that the   t e s t   ang l+ofd t t ack  
range w i t h  the  free-floating  tails  nearest the chord line extended wa8 

rest r ic ted because of the presence of the ,fuseLage. 

The results of point dynamic"pressure surveys made in a ver t ica l  
plane  containing  the e w e r c e n t  m e a ~ e r o d y n a m i ~ ~  point of the free- 
floating tails used in the dawnwash surveys are presented In figure 12. 
The maximum loss in dynamic pressure a t   t h e  wake center  l ine for the 
higher angles of attack was never more than 15 percent of the  free-etream 
dynamic pressure. 

The addition of the  fuselage shared practically no effect  on the 
dynamic"pre8sure ra t ios  throughout most of the Mach rider range. A t  10° 
angle of attack at  the  higher Mach numbers the addition of the fuselage 
shifted  the wake center line above that of the w i n g  alone. 



The dym.mic+res8ure s m e g ~  show that  for tb par t i cu la r   t a i l  
length used a t a i l   pos i t i on  of 10 percent of the semiqan or  more below 
the chord plane w o u l d  generally be most favorably  located fkcm comider- 
a t ion &-wake effeot8. 
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Figure 2.- Detalle of free-floating tail muted In f'uaeLage of a nmdel with 35' sweptback w-, 
aspect r a t i o  4, taper r NACA 65A006 aFrfoil. F 
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Figure 4.- Photograph of a d e l  with 35O meptback wlng, aspect r a t i o  4, 
t a p e r  ratio 0.6, and NACA 65AW6 a f r f o i l  showing fhe-floating t a i l  
mounted i n  fieelage. - 
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FIgure 6.- Variation of tes t  Reynolde number with Efach number far a model with 35' meptback wing ,  
aepect ratio 4, taper ratio 0.6, and IVACA 6511006 airfoil. - 
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